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Medical innovation

The COVID-19 pandemic has resulted in huge disruption to the healthcare sector. In response to this, there have
been collaborative efforts between many different public and private organizations to foster medical innovations.
The effect of crisis upon innovation, particularly medical innovation, remains a debatable subject. In addition,
the role of inter-personal relations is becoming more widely acknowledged as a critical feature of innovation.

Drawing upon exaptation literature, the study aims to understand the nature of the micro-relations within
medical innovations that are undertaken in response to COVID-19. The findings of this paper contribute to the
limited literature that examines the performance of medical innovation in response to crisis. In addition to
confirming the importance of exaptive pools, exaptive events, and exaptive forums in fostering serendipitous
developments, the study makes a contribution to theory by identifying a further form of serendipitous encounter

that is ‘exaptive relations’.

1. Introduction

Since their inception around thirty years ago (Watkins et al., 2015),
research into National Innovation Systems (NIS) has gradually shifted
from examinations of macro economic factors and systems (Etzkowitz,
2003; Etzkowitz and Leydesdorff, 2000), toward meso-level studies of
regional and sectoral systems of innovation (Ornelia, 2015; Guan and
Chen, 2012; D'Este and Patel, 2007; Siegel et al., 2003). Most recently,
research has focused upon the micro-relationships between actors and
this has revealed the importance of individuals in the success of inno-
vative collaboration (White et al., 2019; Winsor and Hall, 2018; Razak
and White, 2015; Leven et al., 2014; Carayannis and Rakhmatullin,
2014).

Much of the literature suggests that systems of innovation are
implemented and utilized in periods of relative stability whereas a much
smaller body of literature discusses their application as a mechanism for
dealing with pressing economic dilemmas. For instance, Filippetti and
Archibugi (2011) found variations in the effect that economic crises
have on innovation, with different industries and systems of innovation
performing differently. Etzkowitz (2012) commented upon the use of an
approach in the USA to respond to the economic crisis of the 1930's.

* Corresponding author.

Similarly, Rodrigues and Melo (2012) discussed how a region of
Portugal addressed the impact of the 2007-8 global economic crisis, and
Oksanen and Hautamaki (2014) described the response to Nokia's
closure of its research centre in a city in Finland.

In 2020-22 the world is experiencing unprecedented change due to
the COVID-19 pandemic. At the time of writing, there have been over
4.9 million deaths and 242 million infections reported worldwide
(World Health Organization, 2021). The global economy has contracted
by around 5 % (World Bank, 2020) and 195 million people are expected
to become unemployed (ILO, 2020), far more than were affected during
the 2007-8 global financial crisis.

The nature of the COVID-19 pandemic meant that the crisis was, in
fact, several crises — public health (Pollard et al., 2020), economic
(Borio, 2020), and supply chain (Armani et al., 2020). Frequently, for-
profit product innovation has been replaced by crisis-driven innova-
tion of products in order to respond quickly to calls for help (Netz et al.,
2022). Medical innovations have been at the forefront of public interest
during the pandemic as research has sought to find practicable testing
solutions and antivirus treatments. There is much debate over the gen-
eral process of innovation within medical devices. For instance, it is
claimed that regulations inhibit transformational change (Suter et al.,
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2011), the process is unnecessarily lengthy, complex and expensive
(Laurell, 2018), institutional boundaries are frequently unclear (Gul-
brandsen et al., 2016; Djellal and Gallouj, 2007), and the economic
benefits are uncertain (Frankovic et al., 2020). Furthermore, the effect of
crisis upon medical innovation remains a contested point, with Hu et al.
(2021) suggesting that it can accelerate the process, whereas Peterson
et al. (2016) claim that it merely increases innovation uncertainty.

This paper reports upon a study of the innovation activities that arose
in response to the COVID-19 pandemic in 2020. Drawing upon exap-
tation theory as a mechanism of serendipitous innovation, it aims to
understand the nature of the micro-relations within medical innovations
that are undertaken in response to COVID-19. The research indicates the
importance of active and dormant pre-existing inter-personal relation-
ships, as well as the deliberate and unexpected forging of new re-
lationships in the development process. Through this, the study proffers
a contribution to exaptation theory by identifying ‘exaptive relations’
and furthers our understanding of how medical innovations were
developed in response to the COVID-19 crisis.

The remainder of the paper is organized as follows. In Section 2, the
relevant literature on serendipity and exaptation is reviewed. Section 3
explains the research methodology. Section 4 reports key findings from
the case studies. Important implications of the findings are discussed in
Section 5 followed by the conclusion section.

2. Literature review
2.1. Serendipity and exaptation

Discussions of social and organizational innovation often include the
concept of serendipity (Cisnetto and Barlow, 2020; Leckel et al., 2020;
Sauer and Bonelli, 2020; Fink et al., 2017; Heger and Rohrbeck, 2012;
Anokhin et al., 2011; Kakko and Inkinen, 2009; Knoben et al., 2006;
Koh, 2000; Godoe, 2000). It is also a feature of the process of research
(Muruyama et al., 2015; McKelvey et al., 2015; Cunha et al., 2012;
Boudreau et al., 2011; Buenstorf, 2009; Rahmandad, 2008; Graebner,
2004; Nelson, 2003). Serendipity is invariably conceptualized as a non-
planned, coincidental, or accidental event that results in some beneficial
outcome (Wareham, et al., In-Press; Kakko and Inkinen, 2009).

Exaptation is a form of serendipitous innovation that is becoming an
increasingly valuable theoretical lens in business and management
studies (Andriani and Kaminska, 2021; Beltagui et al., 2020; Galvin
et al., 2020; Andriani et al., 2017; Andriani and Cattani, 2016; Andriani
and Carignani, 2014; Katila and Ahuja, 2002; Baldwin and Clark, 2000).
It is a term that was first used in biology to indicate the unintended
utilization of a feature for what it was not originally intended (Garud
et al., 2016; Gould and Vrba, 1982). The process of technological ex-
aptation differs from that found in the natural world since humans have
“the power to induce exaptation” (Garud et al., 2016, p. 150). Conse-
quently, Garud et al. (2016) even venture that there is a need to focus on
the exaptive capacity of humankind to address the pressing global
environmental needs that have, paradoxically, been brought about by
previous human technological exaptation. In the context of technology
innovation, exaptation refers to products, technologies and designs that
are developed for one function but are later utilized for an alternative
purpose (Andriani and Cattani, 2016; Liu et al., 2021).

The concept of exaptation has been discussed as the principle that
governs the creation and exploitation of new markets through entre-
preneurship (Dew and Sarasvathy, 2016; Dew et al., 2004), the means by
which internet video firms outperform their competitors (Ching, 2016),
the utilization of domestic capabilities across international boundaries
(Santangelo and Stucchi, 2018), how the assets of the banking sector
have been repurposed over time (Marquis and Huang, 2010), as a
mechanism for innovation that can be promulgated by social entrepre-
neurship (Ganzaroli et al., 2014) and digital innovation (Beltagui et al.,
2020; Schiavone et al., 2022).

Some studies have examined the concept of exaptation in
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manufacturing, where products have been repurposed through the
identification of new partners (Adner, 2017), which have helped to
enhance manufacturing flexibility (Liu et al., 2021). Nevertheless, Liu
et al.'s (2021) study is based upon secondary data and does not reflect
the in-depth details of intentions or micro relationship among the
innovation actors.

While technological exaptation is a driving force of novel production
and short-term innovation (Andriani and Kaminska, 2021; Ardito et al.,
2021), it can also multiply technological options and generate innova-
tion cascades (Andriani and Carignani, 2014). Exaptation constitutes a
problem-solving approach through which serendipitous discoveries and
technologies bifurcate into new markets and alter industry trajectories
(Meyers, 2007; Andriani and Cattani, 2016).

Exaptation may affect processes and not merely the products that are
the results of those processes (Andriani and Carignani, 2014). Conse-
quently, it can help to develop technologies that enable the resolution of
complex problems (Andriani et al., 2017). It also manifests in different
degrees of magnitude from radical transformations to smaller, incre-
mental changes (Andriani and Carignani, 2014). The nature of problem-
driven innovation to address COVID-19 challenges, often without clear
strategic plan (Ardito et al., 2021), is consistent with the concept of
technological exaptation (Tria et al., 2014), which does not rely on
deliberate innovation (Andriani and Cattani, 2016).

Garud et al. (2016) provide an operationalizable theoretical frame-
work of exaptation in their identification of three environs that may
bring about unintended, novel discoveries. These are ‘exaptive pools’,
‘exaptive events’ and ‘exaptive forums’. ‘Pools’ represent knowledge
bases, such as patents, that persist over time yet may not currently be
utilized in the formulation or design of a novel device. When these
patents are ‘coupled’ with other knowledge bases, technologies or de-
vices, resembling De Rond's (2014) identification and combination of
‘correct pairs’, then some novel arrangement may emerge. ‘Events’ are
instances where different knowledge bases are brought together delib-
erately, “where people from different vantage points interact with one
another” (p. 133), in order to stimulate the identification and develop-
ment of innovations. Although, as Lane et al. (2021) highlight, they must
share some ‘common knowledge’ to enable shared understanding. ‘Fo-
rums’ are “entanglements” of people with different perspectives, that
persist over time, with the goal of facilitating the cross-fertilization of
ideas.

2.2. Medical innovation

Empirical studies of medical innovation in response to the pressures
of Covid-19 are currently limited. For instance, Chesbourgh (2020)
commented upon the importance of open innovation, and Ramamurti
(2020) examined rapid and reverse techniques. Innovations that attempt
to tackle COVID-19 challenges require collaboration and an ability to
develop new relationships (Kuckertz et al., 2020) and the support from
mission-oriented innovation policy (Reale, 2021). However, innovation
approaches under emergency situations and crisis are generally under-
explored (Chesbourgh, 2020).

There is a small body of literature that makes a direct connection
between medical innovation and exaptation. Liu et al. (2021) investi-
gated the acceleration of medical devices product innovation during the
pandemic. They suggested that the open-sourced design and external
collaboration enabled companies to freely share existing ventilator de-
signs and thus achieve product design exaptation to meet the critical
demands of speed and quality. Ardito et al. (2021) addressed techno-
logical exaptation in the drug development to treat COVID-19 infected
patients. Two drugs were selected as the research setting, which were
originally developed to treat other diseases, and were adapted for
COVID-19 treatment (Ardito et al., 2021). Their findings define the
concept of exaptive distance between the source and destination do-
mains of technological space (Andriani and Cattani, 2016; Ardito et al.,
2021). Specifically, longer exaptive distance can be a potential driving



S. James et al.

force of short-term product innovation and solutions with rapid and
effective response to unexpected problems (Ardito et al., 2021). How-
ever, the study is also based on secondary data, which cannot explain
other important non-technological factors.

2.3. Summary

There is little work on the interface between crisis and exaptation,
and in general, how innovation can be performed in times of crisis is still
a new topic (Chesbourgh, 2020). Empirical studies such as detailed in-
depth case studies are needed to explore the role of exaptation during
real-time crises (Liu et al., 2021). In addition, the nature of medical
innovations is a widely debated subject, especially during times of crisis
(Peterson et al., 2016; Hu et al., 2021).

Exaptation is an apposite theoretical lens for investigating problem-
driven innovations that arise in response to complex co-evolutionary
issues (Andriani and Cattani, 2016; Andriani et al., 2017). The current
framework by Garud et al. (2016) emphasises the tangible factors of
technological exaptation, in terms of pools, events and forums. There is
also a considerable, and growing, literature that identifies the impor-
tance of the ‘micro-relations’ that occur between individuals that are
involved in innovation activities (White et al., 2019; Winsor and Hall,
2018; Razak and White, 2015; Leven et al., 2014; Carayannis and
Rakhmatullin, 2014). Consequently this investigation aims to under-
stand the nature of the micro-relations within medical innovations that
are undertaken in response to COVID-19.

3. Methodology

In order to explore the origins of COVID-19 motivated innovations
and the micro-relations between collaborators, the study adopts an
interpretive approach to inductively exploring three cases of medical
innovations variously driven by the needs of the COVID-19 pandemic.
Interpretive study is most useful in exploring and expanding new
theoretical insight into organizational practice (Ciulli et al., 2020;
Langley and Abdallah, 2011) and affords the means of understanding
the viewpoints of different actors (Moraes et al., 2020; Spiggle, 1994). In
addressing the research aim, this study places emphasis upon gaining
first-hand understanding of the experiences of three development teams
and is therefore a “good fit” with an interpretive approach (Karakas et al.,
2017, p. 733).

Case study method is used to gain in-depth information of a research
site and enable its contextually accurate interpretation (Yin, 2013;
Davies, 2009). The method also enables the acquisition of data from
multiple sources that allows the triangulation of findings (Longoni and
Cagliano, 2018; Goulding, 2001). The cases, discussed in detail in the
following section, consisted of the development of a novel oximeter
(Case 1), the production of personal protective equipment (PPE visors)
using 3D printing technology (Case 2), and the development of a rapid
diagnostic test (Case 3).

Semi-structured interviews with key personnel at the heart of each of
the three medical innovations were used to gather rich data (Den-
scombe, 2010; Fox, 2009; Johnson and Onwuegbuzie, 2004; Seidman,
1998) with four project leaders. The interviews, each of around one hour
duration, were conducted and transcribed by the researchers in order to
minimise misinterpretation (Opdenakker, 2019).

The interview questions comprised generalist, context-discovery
questions such as ‘How did the project arise’ and ‘How did this project
differ from the work you normally do’, and questions that were initially
operationalized from the literature taking the form and ‘What other
individuals and organizations did you collaborate with’ (Halcomb and
Davidson, 2006; Lynch, 2000; Charmaz, 2006). Further questions were
developed during each interview in order to probe interesting and
emergent themes (Wright et al., 2017), including for example “How is the
innovation process different before and after the COVID-19 pandemic?”” and
“What helped you to do it?”
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The cyclic development and refinement of interview questions
(Bositis, 1988; Becker, 1958; Miles, 1979; Sanday, 1979; Schwartz and
Schwartz, 1955), along with the use of analytical triangulation through
using multiple researchers to code the data (Gronhaug and Olson, 1999;
Eden and Huxham, 1996; Jick, 1979), improve the robustness of inter-
pretive research and assist in achieving theoretical saturation (Guest
et al., 2012; Glaser and Strauss, 1967). Consent was obtained from each
participant prior to beginning data collection (Van den Hoonard, 2003),
project names and details have been anonymised, and all participants
are referred to using the convention [P1]...[P3] in the analyses (Duclos,
2019).

The interviews were transcribed (Step 1) and independently
thematically analysed (Step 2) by all four researchers following each
interview (Guest et al., 2012). This generated the ‘Initial Codes’ that
were collectively reviewed by the researchers until consensus of the
‘Initial Themes’ was reached. Analysis continued until the point of
theoretical saturation had been achieved and no new themes were
emerging from the data (Step 3) (Locke, 1976; Strauss and Corbin,
1998). Finally, Stage 4 comprised the merging and reduction of the
dominant themes that resulted in the compilation of the ‘Final Themes’
(Table 1).

4. Findings

This section aims to outline the findings of the case analysis. First, the
details of each of the three cases are briefly described before the concept
of exaptive relations is identified and discussed through the case data.

4.1. Case study 1 - oximeter

The first case study concerns the development of a novel oximeter. As
the severity of the COVID-19 pandemic became apparent in March 2020,
evidence was emerging that using a CPAP (continuous positive airway
pressure) as an earlier intervention alternative to full ventilation could
result in fewer mortalities. The use of these machines requires contin-
uous monitoring of oxygen levels in the blood creating a global demand
for oximeters that could not be met using existing supply chains. Addi-
tionally, it was noted that patients were conscious at unusually low
oxygen levels and patients would likely be using the devices outside
normal clinical settings, meaning the oximeters would require addi-
tional functionality. The requirement, therefore, was a design manu-
facturable at low cost using alternative supply chains with higher
accuracy at lower blood oxygen levels.

The project was initiated by the Welsh government to meet the de-
mand for oximeters to support the use of CPAP machines in treating
patients with COVID-19. As the project developed and the team gained a
better understanding of the problem, they realised that the product was
sufficiently unique to be commercialised for new markets apart from the
immediate COVID-19 demand. Further, it was identified that although
the demand due to the pandemic had subsided, there was a potential
requirement for oximeters in the winter, which was not stated in the
initial scope of the project, but recognised by others during the project.

The motivation for the entire team was identified as a sense of duty to
help save lives. There was a recognition that this was due to operating in
a crisis and it was understood that when normality would resume, they
would face more barriers and hindrances. Some of these came to the fore
after the initial phase of the project, when the team was looking to
commercialise the product. In identifying their cause, a differentiation
was made between institutions and the individuals which form those
entities. This project was ended in Oct 2020.

4.2. Case study 2 — 3D printed visors
The second case concerns the production of visors with 3D printer.

The project was led by a university researcher from electricity and
electric engineering background. It started in late March 2020 when
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Table 1
Data coding structure.
Initial Codes Initial themes Final themes Contribution
Researcher 1 Researcher 2 Researcher 3 Researcher 4
Old contacts Previous contacts Previous Old colleagues Long-standing ‘Live’ long-standing Exaptive
collaborators relationships relationships relations
Former workmates Friends ‘Reignited’ long-standing
relationships
Project collaborators Colleagues Colleagues Friends (collaborators) Colleagues Current relationships
Other projects Other projects Colleagues
Other departments
Seeking skills or Proactively seeking Seeking assistance Needing help New relationships New relationships

knowledge
Who to ask?

Colleagues

Collegiality

Surprising sources of

help
Facing resistance

Help from within
organization
Going beyond duty

Help from outside the

Difficulty finding
help

Aided by other
departments

Friends-of-friends

Not knowing what we
need to know

Help from unexpected
places

Fortunate encounters
Media links

Challenges to forging

new relations
Internal sources of
unexpected help

External sources of

Unexpected relations

assistance organization

unexpected help

there was a severe shortage of PPE in the UK. Driven by passion and
sense of responsibility, and with various machineries and facilities
including a 3D printer available, the project team of engineers who
previously worked closely at the university was quickly formed. The
visor prototype was designed based on the examining of existing prod-
ucts on the market. Factors such as product quality, the easiness of
production, the availability of raw materials and the production ca-
pacity of 160 per day were also taken into consideration during the
design. Advice was sought from colleagues with science and computing
background. Soon as the first prototype was developed, marking the
most critical step, it came to mass production immediately. The pro-
duction took place inside the university with the participation of aircraft
maintenance and mechanical technicians, who brought expertise in 3D
printing, laser printing and assembly to the team.

This project of visor design and development was internally sup-
ported by the school and university regarding the use of resource and
funding. Aware of the urgency and significance of the project to the
society, colleagues across the university responded efficiently, creating
no barriers to the project. There was no engagement with external in-
dustry partners, apart from purchasing raw materials for 3D printing.
Instead of targeting the NHS, the team prioritised and approached care
homes and special needs schools who were in large need of PPE and
were not under the spotlight. The project ended in the end of May 2020,
when the global supply chain of PPE had been established, providing
users easier access to cheaper products, and thus the project goal was
achieved. The team eventually delivered 2400 visors to 84 different
institutions in South Wales region, and donated the rest for free.

4.3. Case study 3 — rapid diagnostic test

The third case concerns the development of a diagnostic test that
could more rapidly test for the underlying SARS-CoV-2 virus. The
project started in March 2020. Led by a team of university researchers
specializing in micro-biology, molecular genetics and electronic engi-
neering, the test is designed to provide affordable and accurate ‘point of
care testing’, which means bringing the testing and diagnosis closer to
the patient. Administered in a local setting, the test would have the
ability to indicate whether the patient is infected within 20-30 min of
the test. Its approach also minimised the need for expensive equipment,
thus ensuring it was cost-effective, as well as fast. Through such capa-
bilities, the test is designed to enable widespread distribution across
populations including healthcare workers, care home settings, as well as
within rural populations, and thus facilitate large scale community
testing. Using alternative method and components to existing tests, the
innovation avoided bottlenecks associated with the supply of traditional
components. The University team worked with the local health board to

access samples in order to validate the test, as well as industrial partners
to manufacture the device. At the time of interviewing, the project was
undertaking a clinical study to evaluate the performance of the proto-
type diagnostic device.

The test was developed through adapting a pre-existing platform
technology for detecting bacterial pathogens that cause urinary tract
infections (UTIs). A collaborative project on this platform technology
with the local health board had been ramping up before the effects of the
COVID-19 pandemic were felt in Wales, and paved the way for its
adaptation toward the COVID virus. Its adaptation for use in the COVID
context gained momentum as a result of a serendipitous telephone
conversation with a colleague from the local health board, in which the
University researcher's plan to adapt the technology to diagnose the
COVID virus was mentioned only in passing. Nonetheless, this triggered
and signalled external interest in the innovation, which further triggered
permission and support from the University. University researchers re-
ported the extent to which the ‘normal’ bureaucratic barriers to inno-
vative research projects were largely removed, and financial and human
resources effectively mobilised across the University to expedite the
innovation process. This was made possible by an increase tolerance for
risk among university sponsors, alongside the researchers' own sense of
civic duty.

5. Discussion

The analyses provided confirmatory evidence of the important roles
that are played by exaptive pools, forums and events in the forging of
links and sharing of knowledge between individual and institutional
actors prior to COVID-19. For brevity, these are summarised in Table 2.

5.1. Exaptive relations

Existing literature has addressed the importance of exaptive events,
pools and forums in innovation (Garud et al., 2016). Our data analysis
identifies the importance and nature of ‘exaptive relations’ that exist
between university research members as well as between university,
industry and government actors.

Many of these relationships existed months, or even years, prior to
the COVID-19 pandemic, while other new relationships were formed, by
design or by accident. These ‘exaptive relations’ are found to take four
distinct forms:

Longstanding/well-established relations that were ‘live’ and ‘active’
at the time that the COVID-19 crisis hit.

Other longstanding relationships were ‘dormant’ at the time that the
COVID-19 crisis hit, and which then came to be re-ignited/re-enlivened
in light of the innovation demands presented by the COVID-19 crisis.
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Table 2

Confirmatory findings of exaptive pools, events, and forums.

Confirmatory analyses

Exaptive pools

Exaptive events

Exaptive forums

Case CPAP developed
1 and used to treat
sleep apnoea, could
treat COVID-19 if
oxygen levels can be
monitored.

Case Knowledge/skills of
2 3D printing and
engineering in
related and
unrelated products.
Case The ‘platform
3 technology’ that
was to be used for a
range of specific

Welsh government had
previously worked with
the team and could also
facilitate the bringing
together of external
experts in prototyping,
manufacturing,
medical device
legislation, patents, and
grants.

Previous collaborative
engineering projects
which can be related to
the new project

Two members of
research team had
previously decided to
collaborate to bid for a

Welsh government
network of contacts.

Existing
communication
channels and
collaborations inside
university.

The Welsh Crucible
Programme.
Medical/life sciences
industry conferences

Welsh Government
grant — to work on a
new innovation related
to rapid UTI detection/
treatment.

purposes, firstly UTI
testing, then COVID
testing.

brought the university
researchers together
with industry
collaborators for the
UTI project.

Other ‘new’ relationships were forged ‘in the moment’ during the
process of developing the innovations. These were also deliberately
sought in order to gain access to knowledge and expertise as well as to
garner support from internal and external gatekeepers.

Finally, a further type of relationship was found to exist that was not
the result of a deliberate act of seeking expertise or support, but rather
emerged serendipitously.

5.2. Deliberate — long-standing relationships

In cases 1 and 3 it was apparent that longstanding pre-existing re-
lations that were live at the time that COVID-19 hit were instrumental in
compressing the time it took to operationalize the innovation. In case 3,
two members of the research team were already working together on a
separate innovation project related to the diagnosis of urinary tract in-
fections (UTIs). This relationship had in fact been initiated as a result of
an exaptive event (the Welsh Crucible Programme), and led to the
development of a platform technology for the diagnosis of UTIs. When
COVID-19 hit, the existing relationship (along with the platform tech-
nology) facilitated a swift pivot to the development of a rapid test for
COVID-19.

In case 1, this was expressed in terms of the significance of being able
to swiftly put together a team to innovate in response to the need for a
high-accuracy, low-cost oximeter machine, using non-traditional com-
ponents through new supply chains.

So we put quickly identified a team...now a team is absolutely essential to
deliver in any project, errr, whatever it is. So we pulled in together an
Electronics guy, a firm guy and a mechanical guy and myself as the optical
guy. So we put a team quickly together and, errr, we then examined the
design, quickly, errr, what was out there, was a prior art and quickly
mimicked a system within two weeks based on, errr, off the shelf com-
ponents, but were separate to the normal supply chain.

Case 1 interviewee

In all three cases there was extensive reliance upon existing profes-
sional relationships. For instance, Cases 1 and 2 emphasised the need to
be able to quickly identify and coordinate the technical expertise that
was available within the university:
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We pulled in together an Electronics guty, a firm guy and a mechanical guy
and myself as the optical guy...because I knew what skills existed in the
university.

Case 1 interviewee

I'm from the School of Engineering, all the technicians all work together.
Case 2 interviewee

Case 2 also stressed the value that was derived from existing re-
lationships that had been forged with various support staff within the
university:

I'work with security because I am doing some special events for the School
of Engineering and so on...so I knew them all.
Case 2 interviewee

I have contacts with people in the US.
Case 3 interviewee

I'd also had a conversation with this guy who's our contact in [Health
Board] because I know him anyway from another project.
Case 3 interviewee

It is self-evident that existing relationships between technical experts
should be leveraged during times of crisis innovation. Such relationships
are formed through the formation of organizational structure as well as
being the intended product of exaptive events and forums.

However, it is pertinent to note the significance of the relationships
that exist with non-technical staff (as in Case 2) that are also vitally
important. These constitute a group of ‘operational’ inter-personal re-
lationships that appears to be overlooked in the study and practice of
systems of innovation.

5.3. Deliberate — reignited relationships

In addition to ‘live’ relationships that were active at the time that the
pandemic hit, Cases 1 and 3 also illustrate the instrumentality of weak or
dormant relations that pre-dated the pandemic, but became re-
enlivened and further established because of the COVID-19 crisis.

In case 3, University researchers spoke of the instrumentality of
connections with contacts at both the local government, and industry
relations with a contact in local government (the health board) existed
due to a separate ongoing project:

I hadn't spoken to him in months, he'd phoned up because of something
entirely different (we were co-supervising a PhD student) ...and it was
really only as an aside that I mentioned the COVID stuff...

Case 3 interviewee

The relationship was instrumental to the rapid diagnostic test inno-
vation because of the support it provided to requests for backing from
the University:

He was just so interested that it then gave us a bit more incentive to go
back to the university and go ‘actually, look, there's external interest in
this’...the university believed in us because we had the link with the health
board.

Case 3 interviewee

Additionally, a key industry contact who facilitated the development
of the diagnostic device, was known through attendance at a medical/
life sciences industry conference which the University researcher had
attended a few months before the outbreak of the COVID-19 pandemic:

I got chatting with them and basically talking about the UTI application,
so that was in November, before COVID. But then I just called them,
somewhere early Spring and said, you know, ‘we could work together on
this’.

Case 3 interviewee

This is comparable to Case 1, wherein University researchers spoke
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of transient, and seemingly inconsequential interactions prior to the
pandemic that became instrumental during the pandemic. Speaking of
the medical clinician who originated the application of CPAP principles
for early intervention in COVID patients, the lead University researcher
stated,

Someone said I knew him...but I didn't know him to be honest with you,...I
hadn't spoken to him. I think I might've bumped into him some place
before, which he remembers, I don't. We had some interactions but I
couldn't remember,

Case 1 interviewee

Recognition of the temporal element of relations that may be
instrumental in exaptive innovation (i.e. longstanding, or historic re-
lations) suggests that the concept of exaptive relations provide a useful
link between the environs that may bring about novel discoveries that
have already been identified in the literature (i.e. pools, events, and
forums), and the success of innovation activities in the context of crisis,
as demonstrated in our case studies.

5.4. Deliberate — new relationships

In each case, existing technical and operational relationships, as well
as more fortuitous links, were essential in enabling the innovation ac-
tivities. However, these ‘passive’ relations were not sufficient, by
themselves, to facilitate the successful completion of the projects. All
three project teams also engaged in much more ‘active’ searches to
establish new relations with other individuals and institutions that
possessed specialist resources. In Case 1, the Welsh Government was
highlighted as an essential element of the project through its role as a
‘broker’ or relationships. While it was not necessarily a source of direct
knowledge or assistance, except in the form of funding for some activ-
ities, it was an essential conduit for linking up resources and demands, or
“correct pairs” (De Rond, 2014, p. 353):

I've got to be honest that was impressive, the way those guys come forward
when you got a problem and say ‘have you spoken to this one, talk to this
one, right, talk to that one’.

Case 1 interviewee

In all instances, the teams highlighted the frequent difficulties that
they had in establishing links with relevant institutions and emphasised
the need to be proactive. In particular, Case 2 identified that there has
been little coordination of support for care homes since “nobody actually
reached out at that level”:

We started approaching the care homes and there was a huge response
because they were struggling to get the visors.
Case 2 interviewee

We were just trying to work with the health board to process some sam-
ples. That was key because even now other universities are struggling to
get any kind of clinical samples whatsoever because they don't have that
relationship.

Case 3 interviewee

Case 3 also questions the efficacy of the existing mechanisms for
exaptive events and forums through identifying the gulfs that persist
between some institutional actors:

I've been to scientific conferences and then I've been to policy conferences,
and the two just don't connect.
Case 3 interviewee

5.5. Unplanned relationships/encounters

While existing technical and operational relationships were impor-
tant features of all three cases, each was also notable for the emergence
of events that were predicated upon relationships that could not have
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reasonably been intended or predicted. In Case 2, one of the staff of the
Finance Department had seen articles in the media that discussed the use
of 3D Printing technologies to produce the frames for visors (part of the
personal protective equipment that was required by healthcare
workers). It was entirely coincidental that this person had previously
placed an order for 3D Printing equipment for the Engineering Depart-
ment for making model rockets. This individual instigated the discussion
to utilize this equipment for the production of visors:

One of my colleagues placed the order, so when she received the order...
she said by using this 3D printer, you can print some visors, right?
Case 2 interviewee

Case 1 was remarkable for the commitment of other staff in the
department who volunteered their services:

If you want for us to come on seven days, we are happy to come and
actually get things done.
Case 1 interviewee

Following an article in the local press, [a local facility specializing in
cancer treatment] approached the Case 3 team and offered their assis-
tance in clinical testing, an activity that had become a bottleneck to the
success of the project:

They saw us on the news and so we've been talking to them for quite a few
months as well.
Case 3 interviewee

5.6. Types of exaptation

Findings relating to exaptive pools, events, forums and relations are
summarised as Table 1. Our perception of the literature is that it portrays
serendipitous innovation as comprising two distinct dimensions. One
consists of the motivation behind the innovation that may be either
intended/deliberate or unintended/emergent. The other consists of the
nature of the ‘correct pairs’ that are being melded. We view ‘Pools’ as
repositories of codified knowledge that are to be combined and
considered, whereas ‘Forums’ facilitate the interaction between human
agents. However, it would be remiss to conceive of these as being
mutually explicit environs. For instance, the ability to identify the
‘correct pairs’ of codified knowledge that exist within patents un-
doubtedly requires human action and interaction, which logically may
give rise to the establishment of inter-personal relations. Similarly, the
interactions between human agents in ‘Forums’ requires the sharing or
recombination of knowledge bases in order to result in innovation. This
inter-dependence between inter-personal relationships and knowledge
bases is self-evident in the ‘Events’ that deliberately combine different
knowledge-bases through direct interaction between individuals and,
one would hope, sustained inter-personal relationships post-event.

From the above data analysis and discussion and in line with the
contexts of exaptation in the literature (Garud et al., 2016), we define
Exaptive Relations as:

Exaptive relations refers to relations which function to mobilize, support
or progress science-based innovations in ways, and with results, that were
not anticipated ex ante. These can be long-standing pre-existing personal
and professional relations, as well as emerging and unplanned relations,
which are not intended to develop for specific project-oriented collabo-
ration, but expanded, adapted and repurposed for a brand-new
collaboration.

We conceptualize and extend the literature as shown in Fig. 1. Types
of exaptation identified in the literature (pools, events and forums) and
in our analysis (relations) are related to each other in terms of a
continuum.
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Fig. 1. Types of exaptation.

6. Conclusion

This paper examines the development of three medical devices in
response to the COVID-19 pandemic. Drawing upon exaptation theory it
provides confirmatory evidence of the important role of exaptive pools,
events and forums. It also identifies the critical importance of inter-
personal relationships throughout the development process. These
take the form of pre-existing active and dormant relationships, new re-
lationships that are forged deliberately out of necessity, and the for-
mation of new and unexpected relationships. Collectively these are
termed ‘exaptive relations’ and proffer a contribution to exaptation
theory. The study contributes to the literature that increasingly iden-
tifies the importance of micro-relations in the efficacious enactment of
innovation, and also to the comparatively limited literature that ex-
plores innovations that are undertaken in response to crisis.

Since this research was undertaken during the unprecedented time of
a global pandemic, the findings require confirmation under other con-
ditions. While this study is concerned with the performance of innova-
tion response to crisis there does not appear to be any reason why
‘exaptive relations’ should not be found to be present, and important, in
other non-crisis scenarios. Furthermore, it is well-known that inter-
personal relationships vary widely across different cultures and valu-
able research could therefore be made that explores the nature of
‘exaptive relations’ in other contexts.

This study is somewhat limited through its adoption of an interpre-
tive approach, although the findings were confirmed through the
adoption of multiple cases and researchers as well as participant vali-
dation. Future research could probe the nuances of ‘exaptive relations’
through extended interpretive approaches such as participant observa-
tion, while there is also opportunity to operationalize deductive
methods.
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